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Abstract
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Hydrogen production by photosynthetic bacteria is one of the emerging and potential technologies in renewable 
energy area. In this study, three colors of LEDs lights, red (620.084nm), white (464.979nm), and blue (458.317nm), 
respectively, are used to simulate light intensity in the space of cylindrical tank where photosynthetic bacteria is 
supposed to be cultured inside. The illuminations inside the tank are measured by an optical fiber which is connected 
to the AvaSpec-2048 spectrometer. Average cosine corrector is installed on the fiber head. Photon fluxes are 
measured by LI-COR-190SA with LI-1400 data logger. Based upon the experimental results for three different 
mediums, the illumination in the aqueous medium are the highest, followed by in the air bubbled water medium, then 
in the air medium. If light sources of are altered, the illumination values from large to small are in the sequence of 
white, blue, red, respectively. Illumination experimental results show that the values in air bubbled water medium are 
slightly lower than in the aqueous medium, but the difference is not significant. Therefore, for hydrogen production, 
using the air bubbled water medium is proper because the bubble will not cause great illuminance decays and will 
increase the mixing effects in the cultivation container; it will be beneficial for the growth of algae and to improve the 
efficiency of hydrogen production purposes.
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1. Introduction
Biological hydrogen production from biomass is considered one of the most promising alternatives for 
sustainable green energy production [1]. Based on shapes and design philosophy, most current algae 
photo-bioreactors can be classified into tubular, flat-plate, and column photoĮbioreactors [2].ġ Recently,
photo-bioreactors are designed with light-emitting diode (LED) light sources. The type of light source and 
light intensity can all exert significant influence on the hydrogen production of photosynthetic bacteria.ġ
Instruments used in the measurement of light intensity in water can be classified into three types, i.e., flat 
plate, hemispherical, and spherical. Usually, the attenuation of light intensity based on the depth of the
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water and the transmission distance follows the Beer–Lambert Law, i.e., light attenuates with an 
exponential decay during transmission. However, the curves obtained from practical experiments usually 
vary from theory. The law assumes all the incident light waves are single waves and parallel to each other, 
that the medium is uniform and does not have light-scattering capability, etc. [3,4]. Under different depths 
of water, the attenuation coefficient for light transmission will also be different [5]. The effects on the 
efficiency of light absorption as a result of changes in light attenuation due to changes in the density of 
microalgae cells and the distance of light transmission is one of the critical issues in the engineering of 
efficient reactors, in particular the culturing process of high-density microalgae. Greenwald et al. [6] show 
that diffusion model for cell motion in accord with independent hydrodynamic estimates.
This study uses LEDs light as the photon stream and employs the Beer–Lambert law for simulating 
light intensity distributions in a glass cylindrical tank. In addition, the distributions of light intensity in the 
tank are determined through experiments.
2. Experiments
This study mainly focuses on two different types of experiments: 1. Using LI-COR-190SA sensors for 
measuring the photosynthetic photo flux density (PPFD) at the exterior of the cylindrical tank and 2. 
Using an AvaSpec-2048 model spectrometer and an L-shaped fiber for measuring the illuminance in the 
interior of the cylindrical tank. Each light tube contained 36 LEDs (source: Da Zhen International Co., 
Ltd. ). The wavelengths of the LEDs were as follows: 458.317 mm (blue), 620.084 mm (red) and 464.979 
mm peak (white), and the experimental measurements were conducted under input power settings of 15, 
25, and 35 W. The experimental schematic and measurement locations are shown in Fig. 1. The 
positioned heights of the L-shaped fiber and the two LI-190SA sensors were 15, 22 and 29 cm, 
respectively. These three heights were chosen so as to mitigate the influence of unstable conditions at the 
surface and bottom of the unstable liquid where bubbles form. The glass tank contains water with a liquid 
level of 37 cm. This experiment used the AALBORG PFA rotameter, whose basic specifications are as 
follows: the airflow range is 0–6 cc/min, accuracy is ±2% F.S. 11, and maximum pressure range is 200 psi. 
High-pressure air from the compressor is injected into the water in the cylindrical tank via a small hole in 
the hose, to produce uniform and stable bubble volume flow rates of at 5213 ml/min.
              
(a)                                                  (b)
Fig. 1.  (a) Experimental setup: 1. AvaSpec-2048 spectrometer, 2. L-shaped fiber, 3. direct-current power supply, 4. long bar LED 
light source, 5. glass cylindrical tank, 6. LI-190 sensors, 7. LI-1400 data receiver, 8. notebook computer; (b) experimental 
measurement locations.   
3. Results and Discussion
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Figure 2 shows the measurement results of illuminance in air, water, and air bubbled water,
respectively, in the blue light LED experiment (cases (a), (b), and (c)), the red light LED experiment 
(cases (d), (e), and (f)), and the white LED light experiment (cases (g), (h), and (i)), respectively. For the 
blue light LED experiment in three mediums (cases (a), (b), and (c)), only in the air medium case, the 
maximum illuminance is near the tank wall where the LED emitted light is transparent in; however this 
value is highest at the middle section of the cylindrical tank for water and air bubbled water mediums, and
the decaying rate is 4.77% for maximum illuminance between these two mediums. It is obvious and 
interesting to find that the illuminance adjacent to tank wall is decayed due to presence of the water and 
air bubbled water mediums, and distribution patterns are similar to each other. For the red light LED 
experiment in three mediums (cases (d), (e), and (f)), only in the air medium case, the maximum 
illuminance is near the tank wall; however this value is highest at the middle section of the cylindrical 
tank for water and air bubbled water mediums, and the decaying rate is 9.94% for maximum illuminance 
between these two mediums. Furthermore, it is obvious and interesting to find that the illuminance 
adjacent to tank wall is decayed due to presence of the water and air bubbled water mediums, and 
illuminance distributions are not similar to each other also. As we can find that illuminance distributions 
of the red light LED in cylindrical tank filled with water are decayed and flatten by air bubbled medium 
drastically. For the white light LED experiment in three mediums (cases (g), (h), and (i)), only in the air 
medium case, the maximum illuminance is near the tank wall; however this value is highest at the middle 
section of the cylindrical tank for water and air bubbled water mediums, and the decaying rate is 0.93% 
for maximum illuminance between these two mediums. Furthermore, it is obvious and interesting to find 
that the illuminance adjacent to tank wall is decayed due to presence of the water and air bubbled water 
mediums, and illuminacne distributions are quite similar to each other. Therefore, we can note that 
illuminance distributions of the white light LED in cylindrical tank filled with water do not decay and 
flatten by air bubbled medium.
In additions, in Fig. 2, it was also observed that, in water medium, the location with the greatest 
illuminance was not at the position nearest to the light source but was at the position ~5 cm from the light 
source. The probable cause might be that the light transmission angle decreased when the glass 
cylindrical tank was filled with water, and hence, the L-shaped fiber was not able to receive the lights 
produced by the five groups of LEDs at a position nearest to the light source and thus its allocation had to 
be positioned slightly away from the light source in order to receive the total illuminance produced by the 
five groups of LEDs. Furthermore, the illuminance from LED light sources is the highest in water, 
followed in descending order by air bubbled water and air. While studying the illuminance of LEDs in 
different media, this study discovered that the illuminance measured in water medium is greater than that 
in the air bubbled water medium, and the illuminance measured in the air bubbled water medium is 
greater than that in air medium.
            (a) air (blue)                         (b) water (blue)                          (c) air bubbled water (blue)
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            (d) air (red)                              (e) water (red)                         (f) air bubbled water (red)
            (g) air (white)                              (h) water (white)              (i) air bubbled water (white)
Fig. 2.  Results of illuminance measurements for three colors of LEDs in three different mediums (Power is set to 25W; Air flow 
rate is 5213 ml/min).
4. Conclusion
In this study, effects of changes in the illuminance of red, blue, and white LED light sources of various 
wavelengths in glass cylindrical tanks was explored. Light intensity experiments were conducted in three 
types of media—air, water, and air bubbled water (water with bubbles)—using fiber sensors and PPFD 
sensors. This study discovered that the illuminance from LED light sources is the highest in water, 
followed in descending order by air bubbled water and air. While studying the illuminance of LEDs in 
different media, this study discovered that the illuminance measured in water medium is greater than that 
in the air bubbled water medium, and the illuminance measured in the air bubbled water medium is 
greater than that in air medium.
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